With the rapid development of urbanization, industrialization, and motorization, a large number of Chinese cities have been affected by heavy air pollution. In order to promote the development quality of Chinese cities, mixed regulations to control air pollution have been implemented under the lead of government. The principal component analysis and efficacy coefficient method are used to estimate urban development quality, according to the panel data of 285 prefecture-level cities in China over the period [2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015][2016]. On this basis, the paper uses the spatial Durbin model to study the direct impact and the spatial spillover effect of air pollution control on urban development quality in China. Results show that the control of smoke and dust has improved urban development quality in China, however, the control of sulfur dioxide has led to the decline of urban development quality in China. Furthermore, the impact of air pollution control on urban development quality in the eastern region is of great significance in statistical tests, while the situation in the central and western regions has not passed the test, implying the spatial heterogeneity among different regions. The different effects of air pollution control on urban development quality in different regions also illustrate the consciousness and supervision of local governments' environment protection. Finally, the effects decomposition of the influencing factors based on spatial Durbin model (SDM) also supports the robust findings. Promoting the upgrading of energy consumption structure, raising awareness of environmental protection and supervision, and strengthening cooperation of different regions are suggested. Further recommendations are provided to improve the conceptual design and increase the credibility of our research. Our study not only provides new evidence on the impact of air pollution control on urban development quality in China, but also proposes a new perspective to promote urban development quality in China.
Introduction
Over the past decades, the production of energy from various sources (e.g., coal, crude oil, natural gas) has increased rapidly in China, partly caused by the relatively comfortable and prosperous life sought by people, however, along with prosperity, a large number of Chinese cities are affected by heavy air pollution [1] . The unprecedented consequences not only pose challenges to the provision of jobs, housing, and infrastructure, but also exert more pressure on urban land management, spatial equity, and more generally sustainable development [2] . In order to promote the sustainable development of economy and society, the Chinese government has made some active efforts to reduce pollutant emissions and protect the environment. However, despite the government's environmental protection efforts, China's environmental quality seems to be continuously deteriorating, and the amount of the emissions of main air pollutants remains persistently high [3] . In recent years, the relationship between air pollution control and economic growth has attracted the attention of many scholars.
With the upgrading of developmental concepts, urban development quality has been transformed from the initial pursuit of urbanization rate or rapid economic growth to the pursuit of sustainable development of economy, society, and environment [4] [5] [6] [7] . Characterized by the rise of central business districts (CBDs) for advanced business services, newly formed production centers in suburban areas, and spatially segregated neighborhoods dividing the rich and the poor, the unique patterns of urban development in China has occurred at an unprecedented rate [8] [9] [10] [11] [12] [13] . However, the massive construction boom across the whole nation in recent years has left abundant housing, factories, commercial facilities, and new urban districts with incredibly and inexcusably low occupancy rates, known as 'ghost cities/towns' [14] . Therefore, ignoring social welfare and environmental improvement, the immense increase of urban built-up areas or rapid economic growth can not reflect urban development quality comprehensively [15] . Given the fact that enormous regional disparities in levels of development and urbanization across China, it is very necessary to use nationally representative data to further study urban development quality [16] .
Nevertheless, there are few studies that explore the global characteristics and the driving factors of urban development quality in China, especially the impact of air pollution control on urban development quality has not been comprehensively and thoroughly examined. Moreover, existing literature overemphasizes the importance of air pollution control on the economic dimension of urban development quality, while the subject of the social and the environmental dimension of urban development quality is particularly under-researched [17, 18] . Therefore, more sophisticated studies are needed to examine the impact of air pollution control on urban development quality, which is of great and practical significance for guiding the adjustment and optimization of existing air pollution control policies in different regions. Most researchers, academics, and practitioners took it for granted that air pollution control would be effective, and air pollution control would naturally lead to the reduction of environmental pollution and the improvement of environmental quality [19] [20] [21] [22] . However, this perception might be misleading. For different objects, samples and methods, the cost and effect of air pollution control are not always consistent [23] [24] [25] [26] . Moreover, there is no literature on exploring the impact of air pollution control on the quality of regional urban development. Furthermore, the level of urban development quality and the degree of air pollution control vary in the eastern, central, and western China [16] . Hence, it is necessary to investigate the impact of air pollution control on urban development quality across different regions in China.
As mentioned above, previous related literature is insufficient. To analyze the effects of air pollution control on urban development quality in different regions and reveal the spatial effect of air pollution control on regional urban development quality, this paper has made following contributions to knowledge. Firstly, the effective mechanisms of diversified air pollution control are different. Based on the difference between pre-treatment and post-treatment strategies, air pollution control is classified into two types such as energy saving air pollution control and emission reduction air pollution control. Based on the differences of industrial air pollutants, the energy saving type is measured by the emission of sulfur dioxide per GDP and the smoke and dust per GDP; correspondingly, the emission reduction type is measured by the removal rate of sulfur dioxide and smoke and dust. Secondly, environmental problems are characterized as different regions due to the imbalance of urban development quality. Therefore, in this paper, China is divided into three classical regions: the eastern region, the central region and the western region, to explore the regional difference of the impact of air pollution control on urban development quality. Lastly, the spatial Durbin model is introduced to examine the spatial dependence of air pollution control on urban development quality in China, which is conductive to revising policies of environmental protection for regional government.
Methodology
Tobler's first law of geography indicates that all phenomena in space are linked, but the connection intensity is stronger at near distances versus long distances [27] . This law well represents impacts of air pollution control on urban development quality because environmental pollution has strong trans-regional and agglomerate character. In other words, air pollution control and urban development quality show significant spatial dependence. Consequently, we select the spatial Durbin model (which allows testing the existence of both endogenous and exogenous interactions) to investigate the impacts of air pollution control on urban development quality in Chinese cities [28] . Actually, the spatial regression models are frequently applied to economic, environmental, and ecological modeling [29] .
Spatial Durbin Model
This study aims to investigate the direct and spillover effects of air pollution control on urban development quality in Chinese cities. Spatial Durbin model (SDM) can examine the influence of the dependent variable affected by the local area variables, as well as the dependent and independent variables in neighboring areas, which is a general form of the spatial lag model (SLM) and spatial error model (SEM). In this way, the spatial Durbin model (SDM) is more suitable for the objectives of this study [30] [31] [32] . Its basic form is:
where Y it is the dependent variable in city i at year t; w ij corresponds to the spatial connectivity assigned to city j by city i(j = i); ρ is the spatial parameter of interest, which reflects the endogenous spatial interaction between city i and its neighboring cities; β is a vector of the coefficients of the explanatory variables; X it is the explanatory variables of city i that explains its urban development quality; θ reflects exogenous interaction effects, which creates an average of explanatory variable values from neighboring cities which are added to the set of conventional explanatory variables; the matrix w ij X jt denotes the spatial lag effects associated with explanatory variables; µ denotes the random-effects or the time and city fixed effects; and ε it represents an error term uncorrelated with the explanatory variables across cities and over time, which is assumed to be normally distributed. Based on Equation (1), the spatial Durbin model (SDM) of the impact of air pollution control on urban development quality is as follows:
where UDQ indicates urban development quality; ES 1 , ES 2 , ES 3 , ES 4 indicate the emission intensity of sulfur dioxide, the emission intensity of smoke and dust, the removal rate of sulfur dioxide and the removal rate of smoke and dust respectively; LF indicates the shares of land leasing revenue in GDP; FD indicates the shares of both deposits and loans in GDP; HC indicates the number of college students per 10,000 people; FDI indicates the shares of foreign direct investment in GDP; and IU indicates the shares of the value of the tertiary industries in the value of the secondary industries.
To avoid bias caused by the coefficient estimate of the explanatory variable, the total effect should be divided into a direct and an indirect effect by using the partial derivative method [30, 31] , and the SDM can be transferred as follows:
The partial differential equation matrix for the k explanatory variable is as follows:
where the average value of the diagonal elements represents the direct effect, the average value of the non-diagonal elements represents the indirect effect (spatial spillover effect), and the sum of the direct effect and the indirect effect is the total effect. Due to the existence of spatial dependence and time inertia, there will be spatial feedback effects on urban development between a certain city and the surrounding cities, resulting in a certain deviation between the decomposition results and the regression results of the spatial Durbin model (SDM) [28] [29] [30] [31] .
Spatial Weight Matrix
Spatial weight matrix (w ij ) is the core element of spatial panel data models. Two types of spatial weight matrix (the squared term of inverse distance matrix (w 1 ij ) and the squared term of inverse distance and economic-based matrix (w 2 ij )) are adopted in this study to reflect two different spatial relations, which is defined as follows.
where d ij is the greater-circle distance calculated based on the longitude and latitude between city i and city j, and w 1 ij takes into account relations of all cities, which allows for testing all-with-all interactions in the whole territory; GDP i and GDP present, respectively, the average GDP of city i and all cities during the study periods, and w 2 ij , which is set as all Chinese cities, are inter-connected in terms of both geographical and economic factors. We normalized the two spatial weight matrix to have row-sums of one and main diagonal elements of zero.
Data and Variables
According to the administrative level, Chinese cities can be divided into prefecture-level cities and county-level cities. Under the administrative division system, a prefecture-level city contains municipal districts and other units, such as county-level cities, counties, and towns. As for the concept of a city, a prefecture-level city in China often refers to the municipal districts, which resembles Western cities [33] . However, a county-level city does not have a clear central urban area and usually contains a large proportion of non-urbanized areas. Therefore, we choose prefecture-level cities as samples for this study. Due to data unavailability (some regions including Taiwan, Hong Kong, and Macau are excluded temporally due to unavailability, some cities have experienced administrative division adjustments in the past decade, and other cities have data missing for certain years), a panel data set on 285 prefecture-level cities (see Appendix A) over the period of 2003-2016 has been used ( Figure 1 ).
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Dependent Variable
To measure urban development quality comprehensively and accurately, 15 indexes relevant to the three dimensions (economic, social and environmental) should be considered as much as possible within the range of data availability (see Appendix B). To eliminate the effect of dimension and magnitude factors, 15 indexes of urban development quality in each year are normalized as follows: The most commonly used multivariate statistical analysis method is Principal Component Analysis (PCA), which can select several important variables to reduce the number of factors by using linear transformation [34] . Application of the varimax rotation of the normalized component loading 
To measure urban development quality comprehensively and accurately, 15 indexes relevant to the three dimensions (economic, social and environmental) should be considered as much as possible within the range of data availability (see Appendix B). To eliminate the effect of dimension and magnitude factors, 15 indexes of urban development quality in each year are normalized as follows:
where y * ji is the normalized value of the related statistical factor j in the city i, between 0 and 1; y ji is the original value of the related statistic factor j in the city i of the 285 prefecture-level cities in each year; µ ji is the average value of the related statistic factor j in the city i of the 285 prefecture-level cities in each year; and σ ji is the variance value of the related statistic factor j in the city i of the 285 prefecture-level cities in each year. After normalizing the original data with this equation, the normalized data variance is 1, and the average value is 0.
The most commonly used multivariate statistical analysis method is Principal Component Analysis (PCA), which can select several important variables to reduce the number of factors by using linear transformation [34] . Application of the varimax rotation of the normalized component loading allows us to obtain a clear system by maximizing component load differences and eliminating invalid components [35] .
The model, with the sample set, is as follows:
where n is the number of samples and p is the number of factors.
The principle component analysis of matrix (8) can be combined into p synthesis factors y 1 , y 2 , · · · y p , as follows:
where c 2 k1
, and the comprehensive index factors y 1 , y 2 , · · · y p is gradually reduced in variance.
According to Morrison, the main component should account for approximately 75% of the total variance. The relevant component is a parameter with an eigenvalue above 1 [34] . Based on this standard, four principle factors to make up the value of urban development quality are obtained. Furthermore, we use the method of efficacy coefficient to guarantee that all final scores are positive as follows:
where y * is the final value of urban development quality; y is the value of urban development quality calculated by PCA; min(y) is the minimum value of urban development quality calculated by PCA; and max(y) is the maximum value of urban development quality calculated by PCA.
To illustrate the spatial correlation of urban development quality in an intuitive way, the urban development quality of 285 prefecture-level cities under investigation in 2003 and 2016 are presented in Figure 2 . Figure 2 shows two main observations. First, there are clear differences in urban development quality across three regions during 2003-2016, and urban development quality in the eastern, central and western regions is decreasing in turn except for 2013 and 2016. Second, urban development quality in the eastern, central and western regions has maintained an upward trend during 2003-2013, and there has been a slight decline in the three years after reaching the peak in 2013. The above results show that urban development quality in China has been fully upgraded in the past fourteen years, but the downward trend in the last three years should draw our constant attention. 
Core Explanatory Variables
Limited to availability, continuity, and comparability of data, sulfur dioxide, and soot and dust are selected as the two main explanatory variables, and based on the difference of action stages, air pollution control is classified into two types: energy saving air pollution control and emission reduction air pollution control. Among them, energy saving air pollution control is the ratio of air pollutants discharged to local GDP, which indicates the cost of economic development; emission reduction air pollution control is the ratio of the removed amount discharged to the produced amount 
Limited to availability, continuity, and comparability of data, sulfur dioxide, and soot and dust are selected as the two main explanatory variables, and based on the difference of action stages, air pollution control is classified into two types: energy saving air pollution control and emission reduction air pollution control. Among them, energy saving air pollution control is the ratio of air pollutants discharged to local GDP, which indicates the cost of economic development; emission reduction air pollution control is the ratio of the removed amount discharged to the produced amount of air pollutants, which indicates the purification degree of air pollutants. To illustrate the spatial correlation of air pollution control in an intuitive way, the four indexes of air pollution control of 285 prefecture-level cities under investigation from 2003 to 2016 are presented in Figures 3-6 . Three main observations can be drawn from Figures 3-6 . First, the emission intensity of sulfur dioxide has declined rapidly while the emission intensity of smoke and dust has shown wave-like variation. Second, the removal rate of the two air pollutants has been increased rapidly, while the removal rate of smoke and dust is always higher than that of sulfur dioxide. These two pieces of evidence indicate that the control of smoke and dust is better than that of sulfur dioxide. Third, we have investigated that air pollution control in the eastern region is stronger than that in the central region and the western region during 2003-2016 on the whole, implying that local governments in the eastern region generally have deeper consciousness of environment protection and more sufficient supervision of the implement of air pollution control than those in the other two regions. 
Descriptive Statistics and Correlation Coefficients for Regression Variables
To eliminate the impact of price fluctuations, with the year 2003 as the base period, the economic variables are processed at a constant price. To eliminate the influence of heteroscedasticity, this study has done logarithmic processing to all variables. Table 1 reports the data sources of relevant variables used in this paper. Appendix B also reports the data sources of relevant variables used in this paper. The correlation coefficients presented in Table 2 suggest significant and negative correlation between lnES and lnUDQ, indicating the function of energy-saving air pollution control in blocking urban development quality in China; however, there is also a significant and positive correlation between lnER and lnUDQ, indicating the role of emission-reduction air pollution control in promoting urban development quality in China.
Analysis and Discussion

Statistical Tests of Unit Root and Granger Causality
In the test of the unit root, we employed the methods of Levin et al. [36] , Im et al. [37] , and Maddala and Wu [38] . With an intercept and linear trend, each of these tests was carried out to include an intercept. As shown in Table 3 below, the unit root tests indicate that all the data series except lnUDQ and lnHC are static at a level, however, all the data series become static after the first difference is obtained.
Taking all factors into account, the existence of a unit root at the level and the absence of any at first difference is supported by the results of the unit root test. Additionally, results of both panel Granger causality and bootstrap Granger causality implied that Granger causal relationships run from lnES and lnER to lnUDQ, rather than bi-directionally. Thus, it is reasonable to further investigate the impact of air pollution control on urban development quality in China. 
Control Variables
Specific to China, there are also some institutional and economic development factors contributing to the urban development quality in different regions in China. As a result, five control variables are included in the econometric estimation: (1) land finance (LF), i.e., the shares of land leasing revenue in GDP; (2) finance development (FD), i.e., the shares of both deposits and loans in GDP; (3) human capital (HC), i.e., the number of college students per 10,000 people; (4) foreign direct investment (FDI), i.e., the shares of foreign direct investment in GDP, and the annual exchange rate of RMB against the US dollars is used to convert FDI in US dollars to RMB; (5) industrial upgrading (IU), i.e., the shares of the value of the tertiary industries in the value of the secondary industries.
Descriptive Statistics and Correlation Coefficients for Regression Variables
To eliminate the impact of price fluctuations, with the year 2003 as the base period, the economic variables are processed at a constant price. To eliminate the influence of heteroscedasticity, this study has done logarithmic processing to all variables. Table 1 reports the data sources of relevant variables used in this paper. Appendix B also reports the data sources of relevant variables used in this paper. The correlation coefficients presented in Table 2 suggest significant and negative correlation between lnES and lnUDQ, indicating the function of energy-saving air pollution control in blocking urban development quality in China; however, there is also a significant and positive correlation between lnER and lnUDQ, indicating the role of emission-reduction air pollution control in promoting urban development quality in China. Note: ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively.
Analysis and Discussion
Statistical Tests of Unit Root and Granger Causality
In the test of the unit root, we employed the methods of Levin et al. [36] , Im et al. [37] , and Maddala and Wu [38] . With an intercept and linear trend, each of these tests was carried out to include an intercept. As shown in Table 3 below, the unit root tests indicate that all the data series except lnUDQ and lnHC are static at a level, however, all the data series become static after the first difference is obtained. Taking all factors into account, the existence of a unit root at the level and the absence of any at first difference is supported by the results of the unit root test. Additionally, results of both panel Granger causality and bootstrap Granger causality implied that Granger causal relationships run from lnES and lnER to lnUDQ, rather than bi-directionally. Thus, it is reasonable to further investigate the impact of air pollution control on urban development quality in China.
Estimation Results for the Whole Sample
In the use of spatial Durbin model, spatial dependence is investigated first. The results show that: the global Moran's I index w 1 ij is 0.202 and w 2 ij is 0.194, both inconsistent with the original hypothesis at 1% significance level, indicating that the spatial econometric model should be selected for statistical verification using the maximum likelihood method. The LR test and the Wald test of spatial Durbin model (SDM) show that the original hypothesis is rejected at the 1% level of significance, i.e., spatial Durbin model (SDM) cannot degenerate into the spatial lag model (SLM) or spatial error model (SEM). The Hausman test result shows with a 1% significance level test, the fixed effect model of spatial Durbin model (SDM) should be selected. Further comprehensive analysis of the R_squared, the natural log-likelihood function value Log L, and the joint significance of LR test (space fixed and time fixed) reveal that spatial Durbin model (SDM) is more reasonable under the fixed effect of space-time. Hence, we choose the results of this model for analysis, and the results of the various model tests are shown in Table 4 . Notes: The t-statistics are given in the parentheses; ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively.
As can be seen in Table 4 , the coefficients of four air pollution control indexes are consistent, indicating that the specification of the spatial weights matrices has no effect on the estimation results. Estimation results of the spatial Durbin model (SDM) in Table 4 show that lnES 1 has a significantly negative correlation with lnUDQ, while lnES 2 has a significantly positive correlation with lnUDQ. As discussed previously, the air pollution control during the sample period is mainly focused on smoke and dust emissions, while emissions of sulfur dioxide during the sample period are basically increasing, which is the evidence for the relationship between energy-saving air pollution control and urban development quality. However, the relationship between emission-reduction air pollution control and urban development quality is not significantly associated with lnUDQ, indicating that the effect of air pollution control on urban development quality is not satisfactory. Furthermore, the coefficients of lnLF, lnHC and lnIU also have a significantly positive association with lnUDQ, indicating the enhancement of land finance, human capital and industrial upgrading on urban development. Moreover, the coefficients of lnFD and lnFDI are also not significantly associated with lnUDQ, indicating that those two factors are weak in promoting urban development quality. As for the coefficients of the spatial item, only w*lnES 2 has significantly positive correlation with lnUDQ and w*lnHC is has a significantly negative correlation with it, while others are not significantly associated with lnUDQ, showing the importance of air pollution control in sulfur dioxide. In addition, the spatial coefficients (ρ) are also highly significant, which is a strong evidence of spatial dependence of urban development quality.
By introducing spatial effects into the traditional data model, the impact of air pollution control on urban development quality is no longer reflected only in the explanatory variables' coefficient; instead, the spatial effect allows the impact to be disaggregated into direct and indirect effects.
As is shown in Table 5 , the coefficients of direct effect and indirect effect are nearly consistent with the corresponding value in Table 4 , indicating that the spatial feedback effects among different cities are negligible. The total effect of lnES 1 is significantly negatively correlated with lnUDQ, while lnES 2 is significantly positively correlated with lnUDQ and the other variables are not significant statistically, implying the importance of energy-saving air pollution control on urban development quality. Notes: The t-statistics are given in the parentheses; *** and ** denote statistical significance at the 1% and 5% significance levels, respectively.
Estimation Results for the Sub-Regional Sample
China is a big country with vast territory. Therefore, the impact of air pollution control on urban development quality in different regions varies greatly. To take full account of the differences in urban development quality across regions, the regression is re-estimated using the sub-samples of three geographical regions (i.e., eastern, central and western) proposed by the National Bureau of Statistics (NBS). The prefecture-level cities in each region are listed in Appendix A. The estimation results for regression in these three regions are reported in Table 6 . Notes: The t-statistics are given in the parentheses; ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively.
Generally speaking, the results of three different regions are inconsistent with the results of the whole sample, which means the spatial heterogeneity of different regions is significant. Similar to the estimation results using the whole sample, the intensity of sulfur dioxide fails to play the expected role in promoting the increase of urban development quality, as the coefficients turn out to be negative (although not significant in the central region and western region). Furthermore, the intensity of smoke and dust are the core factor to improve the urban development quality, as the coefficients turn out to be positive (although not significant in the central region and western region). Moreover, the coefficients of lnER 1 and lnER 2 are significantly negatively and positively correlated with lnUDQ respectively in the eastern region, indicating that the difference of air pollution control on urban development quality is more prominent, in the eastern region which is the core of economic and industrial activities. Moreover, the coefficients of control variables in eastern region are similar to the estimation results of the whole sample except lnFDI, which means that FDI has played an important role in promoting the urban development quality in the eastern region. It is noteworthy that most of the coefficients are not significant in the central and western regions. As for the central region, only the coefficient of lnHC is significantly positively associated with lnUDQ, implying the importance of human capital in promoting the quality of urban development. As for the western region, only the coefficient of lnLF is significantly positively correlated with lnUDQ, implying the importance of land finance in promoting the quality of urban development. In addition, the spatial coefficients (ρ) are also highly significant in the eastern and western regions, but not significant in the central region, indicating the differentiation of spatial dependence in different regions. Table 7 reports the direct, indirect and total effects of the eastern region. As is shown in Table 7 , the coefficients of direct effect and indirect effect are nearly consistent with the corresponding coefficient in Table 6 , indicating that the spatial feedback effects among eastern cities are also negligible. The total effect of lnES 1 has a significantly negative correlation with lnUDQ, while lnES 2 and lnHC have a significantly positive correlation with lnUDQ, while other variables are not statistically significant, implying the importance of energy-saving air pollution control and human capital on urban development quality in the eastern region. Notes: The t-statistics are given in the parentheses; ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively. Table 8 reports the direct, indirect and total effects of the central region. As is shown in Table 8 , the coefficients of direct effect and indirect effect are nearly consistent with the corresponding coefficients in Table 6 , indicating that the spatial feedback effects among central cities are also negligible. The total effect of lnER 2 is significantly and positively associated with lnUDQ, while other variables are not statistically significant, implying the importance of the removal rate of smoke and dust on urban development quality in the central region. It is noteworthy that most of the coefficients are not significant in the central region. One possible reason is that the intensity of air pollution control in the central region is relatively low compared to that in the eastern region. Besides, the local governments in the central region generally lack awareness of environment protection and do not have sufficient supervision on the implement of air pollution control. Notes: The t-statistics are given in the parentheses; ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively. Table 9 reports the direct, indirect and total effects of the western region. As is shown in Table 9 , the coefficients of direct effect and indirect effect are nearly consistent with the corresponding coefficients in Table 6 , indicating that the spatial feedback effects among western cities are also negligible. The total effect of lnER 1 is significantly and positively associated with lnUDQ, while other variables are not statistically significant, implying the importance of the intensity of sulfur dioxide on urban development quality in the western region. Similar to the central region, the intensity of air pollution control in the western region is relatively low compared to that in the eastern region. Besides, the local governments in the western region also lack consciousness of environment protection and do not have sufficient supervision on the implement of air pollution control. Notes: The t-statistics are given in the parentheses; ** and * denote statistical significance at the 5% and 10% significance levels, respectively.
Conclusions and Policy Implications
With the panel data of 285 prefecture-level cities in China from 2003-2016, an index of urban development quality is constructed and calculated in this paper, based on the combination of principal component analysis and efficacy coefficient method. Through the application of spatial Durbin model, and under the framework of unified analysis, the role and mechanism of air pollution control on the impact of urban development quality are investigated. Three main conclusions can be drawn from the above analysis. First, during the investigation, the intensity of air pollution control and urban development quality have been enhanced, however, different air pollution control, especially the decline of sulfur dioxide, which erodes urban development quality at the national level, do not all play a positive role in improving the urban development quality as expected. Second, the impact of different types of air pollution control on urban development quality varies from region to region. In the eastern region, the direct effect of lnES 1 and lnER 1 is significantly and negatively correlated with urban development quality while the direct effect of lnES 2 and lnER 2 is significantly and positively associated with urban development quality, indicating that the control of smoke and dust has improved urban development quality, while the control of sulfur dioxide is at the sacrifice of the deterioration of urban development quality. In the central and the western regions, the direct effect of air pollution control on urban development quality does not pass the test of significance, indicating that the local government generally lacks consciousness of environment protection and does not have sufficient supervision of the implement of air pollution control compared with the local government in the eastern region. Third, the spatial coefficients (ρ) are also highly significant in China, the eastern region and the western region, which is a strong evidence of spatial dependence. However, it does not pass the test of significance in the central region, implying the spatial dependence of the central region is weak and poor compared with that of the eastern and western regions.
Three important policy implications can be drawn from the above conclusions. First, to comprehensively and thoroughly realize the goal of environmental protection and the improvement of urban development quality, it is necessary to promote the structural upgrading of the energy system. On the whole, clean energy should gradually replace fossil energy, for the reduction of smoke and dust will improve the urban development quality. However, if the alternative energy is insufficient, unreasonably pursuing the reduction of sulfur dioxide will hinder the improvement of urban development quality. Therefore, promoting the structural upgrading of the energy system is the most fundamental solution. Second, the local government should transform the excessive pursuit of short-term economic growth, and strive to improve the urban development quality comprehensively. Due to the lack of the consciousness of environment protection and the sufficient supervision of the implement of air pollution control, the impact of air pollution control on urban development quality in the central and western regions does not pass the test of significance, therefore, it is necessary and urgent to transform the reliance on extensive development models, and raise the awareness of environmental protection and sustainable development, and ultimately promote the improvement of urban development quality in the long run. Third, the links of environmental protection should be strengthened between different regions. Therefore, strengthening the legal basis of emission trading, compensation mechanisms and enforcement within the region and more importantly between regions can guarantee consistency and fairness of air pollution control policies, and ensure that the interests of urban development quality of inter-regional cities can be reasonably balanced.
Although this study provides valuable insights, it has three limitations, which should serve to stimulate further research. First, due to data restrictions, the period covered in this study is only fourteen years. To confirm our findings, the time span can be increased to cover a longer period, and more information and data can be used for comprehensive and thorough analysis. Second, in our study, air pollution control is divided into two types based on the difference before and after the treatment, and each type of air pollution control is measured by two typical indicators in empirical research. In further research, an expansion of the indicator system may be considered to obtain more guiding conclusions. Third, the spatial Durbin model is adopted to do the empirical analysis in this paper, but time effect is ignored, so the results may have some deviations compared to the actual situation. To expand the research, the dynamic spatial Durbin model should be adopted to empirically study the impact of air pollution control on urban development quality in China and other developing countries undergoing similar urbanization and modernization processes.
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